Background Due to the lack of a reliable way of clinically measuring dehydration, laboratory tests are usually used to improve the accuracy of clinical assessment of dehydration in children. The purpose of this study was to compare the relationship between clinical and laboratory parameters in the assessment of dehydration and to evaluate the improvement of those parameters over time.
Introduction
An accurate assessment of the degree of dehydration in infants and children is important for proper decision-making and treatment. 1 The most accurate method of assessing dehydration is to calculate the percentage of weight loss. However, most of the infants and children attending accident and emergency departments do not have a record of their recent weight. The variations in accuracy of di¡erent scales, feeding, voiding, defaecation and third space losses in acute gastroenteritis 2 make this calculation much less accurate, and emphasize the importance of the role of clinical assessment in estimating dehydration. A scale suggested by the American Academy of Pediatrics (AAP) is usually used to assess the degree of clinical dehydration, 3 although the reliability and validity of this scale are questionable. 1, 4 Recently, Gorelick et al. 5 attempted to validate this scale, but the size of the study was limited and larger numbers are needed for more proper validation. This emphasiz es the need for laboratory tests to improve the accuracy of clinical assessment of dehydration. Adelman and Solhaug, in their chapter in Nelson Textbook of Paediatrics 16th edn, 6 suggest that serum urea and creatinine concentrations may be unreliable in predicting the degree of dehydration, while a decreased serum bicarbonate concentration may be a more accurate indication of severe dehydration.
The purpose of this study was to assess the relationship between clinical and laboratory parameters in the assessment of dehydration and to evaluate the sequence of improvement of these parameters over time. Unlike most previous large studies, 1 ,7^10 a group without clinical dehydration was included as controls.
Methods
We conducted a retrospective study to assess the relationship between clinical assessment of dehydration, as performed by the emergency duty resident according to AAP criteria (see Appendix) 3 and laboratory ¢ndings.
According to our emergency admission routine, every child with acute gastroenteritis underwent the following procedures: (a) a complete physical examination and assessment of dehydration as mild, moderate, severe or absent, according to AAP criteria; 3 (b) determination of full blood count (FBC) and serum urea, creatinine and electrolyte concentrations. Venous blood gases were also performed, and anion gap was calculated according to the decision of the resident on call.
The cohort consisted of 340 patients admitted to our Paediatrics Department between 1 January 1999 and 31 March 2000 with any of the following discharge diagnoses: acute gastroenteritis, diarrhoea, or vomiting. Forty children, su¡ering from an underlying disease or malnutrition, or those who had insu¤cient laboratory values, were excluded from the study. Eighty febrile patients, without a history of vomiting or diarrhoea, or evidence of dehydration on physical examination, served as controls. Blood gas determinations were unavailable for this group.
Analytical methods
The FBC was determined on a Cell Dyne 3500 (Abbott, Santa Clara CA, USA), electrolytes were assayed on a Cobas Integra 700 (Roche Diagnostics, Lucerne, Switzerland) and blood gas analyses were performed on an IL BG-3 (Instrumentation Laboratory, Milan, Italy). Blood bicarbonate concentration was calculated from the measured PCO 2 
Results
Three hundred children were analysed in the study. No di¡erences were noted for the degree of dehydration if vomiting was present, however, absence of diarrhoea was associated with milder degrees of clinical dehydration (Pˆ0.022). When we examined the duration of diarrhoea and vomiting in relation to the degree of clinical dehydration, there was a trend toward moderate dehydration in diarrhoea that lasted for 4 days or more [Pˆ0.309, not signi¢cant (NS)] and vomiting that lasted 3 days or more (Pˆ0.02).
Interestingly, serum urea concentrations were signi¢cantly less for those with longer periods of diarrhoea (more than 2 days as compared with 1 or 2 days, P50.001). Serum urea concentrations in relation to the duration of vomiting were similar. Bicarbonate, base excess and anion gap concentrations were similar in all groups, unrelated to the duration of diarrhoea or vomiting.
Fluid administration was performed appropriately according to the degree of clinical dehydration, using the AAP guidelines, 3 and was administered to 35/38 children (92%) with moderate dehydration, 2/2 with severe dehydration and 3/114 (2.6%) with mild dehydration. Laboratory parameters were less important in helping reach a decision on £uid replacement. Fluid was given to 16 out of 43 patients (37%) with serum urea concentrations 514.3 mmol/ L, 29/49 (59%) with bicarbonate concentrations 516 mmol/ L and 26/46 with base excess concentrations 5710 mmol/ L. Table 2 shows the concentrations of urea and creatinine in relation to severity of dehydration, as clinically de¢ned. Due to low numbers, it is impossible to interpret the results in the two individuals with severe dehydration. It is evident, as expected, that the concentration of urea increases with the degree of dehydration; however, urea concentrations were similar in those with mild and moderate dehydration.
There was a trend in the number of patients with urea concentrations 414.3 mmol/ L, from 5% in those with no dehydration to 38% in those with moderate dehydration (P50.0001). The creatinine concentrations were similar in all groups, apart from those with severe dehydration. Table 3 shows the blood gas parameters in relation to severity of dehydration. As can be seen, mean pH was similar regardless of the degree of dehydration. On the other hand, both mean serum bicarbonate and base excess were less in the presence of more severe dehydration (signi¢cantly lower in moderate versus no dehydration). It is interesting to note that when a concentration of HCO 3 416 mmol/ L and a concentration of base excess 4710 mmol/ L were used as cut-o¡ points, 35% of patients with no dehydration had these abnormal values.
No di¡erence (K-W test) was noted in the time for correction of urea and blood gas parameters between the dehydration groups. However, the mean time for blood gas parameter correction was signi¢cantly longer in relation to correction of urea (P50.00001).
The mean hospital stay appeared longer for patients with moderate dehydration [2.6 (0.95) versus 2.1 (1) days for no or mild dehydration, although data did not reach signi¢cance, Pˆ0.08]. No correlation was found between concentrations of urea, anion gap, bicarbonate or base excess and the total hospital stay.
Discussion
Our study shows that younger age and the presence of diarrhoea were both associated with more severe degrees of dehydration. The duration of diarrhoea or vomiting, however, was not an important factor for predicting the severity of the clinical or laboratory parameters of dehydration. Our data are probably more relevant to the gastroenteritis encountered in a developed country.
Assessment of dehydration by measurement of acute weight loss depends on a knowledge of recent weight values, information rarely available in an accident and emergency setting; other measures are therefore needed. Currently, the scale most widely used to assess the degree of clinical dehydration is that published by the AAP. 3 Although widely accepted, Mackenzie et al. 1 found no correlation between the degree of dehydration and the parameters used in this scale, such as tachypnoea, hypotension, restlessness or lethargy, oliguria, dry mouth and sunken fontanelle. These authors showed that there is a marked discrepancy between the degree of clinically estimated dehydration and the actual degree calculated on the basis of early weight recovery in hospital. 1 Gorelick et al., 5 on the other hand, showed that conventionally used clinical signs of dehydration are valid and reliable; these authors suggested that diagnosis of clinically important dehydration should be based on the presence of at least three clinical ¢nd-ings. This study, however, is based on a smaller cohort of children and includes both inpatients and outpatients.
In order to improve accuracy of assessment of clinical dehydration, several laboratory parameters have been suggested. The measurement of blood urea nitrogen (BUN) or serum urea concentration is usually used as a marker for pre-renal uraemia and dehydration. However, Bonadio et al. 9 showed that serum urea is not a reliable marker for the degree of dehydration. In another study by Vega and Avner, 7 no di¡erences were noted in BUN concentrations between patients with mild and moderate dehydration. Kingston et al. 8 in their study on African infants, found increased serum urea only in dehydrated children who were bottle-fed as opposed to breast-fed. However, this group consisted of only 14 infants. On the other hand, Mackenzie et al. did ¢nd a correlation between urea concentration and degree of dehydration. 1 Similarly,Yilmaz et al. 11 also found an association between degree of dehydration and serum urea and (additionally) bicarbonate concentrations.
Our results show a trend for urea concentration to increase with the degree of dehydration. Although this trend was signi¢cantly greater in mild and moderate dehydration compared with no dehydration, it showed very poor sensitivity. On the other hand, urea concentration showed a good speci¢city and was abnormal in only seven of 143 patients with no dehydration (speci¢city of 95%). Creatinine concentration did not di¡erentiate between no dehydration, mild and moderate degrees of dehydration, and on that basis appears to be an unreliable marker of dehydration.
Another laboratory parameter used previously to assess dehydration is blood gases. Finberg, in a review article on dehydration published in 1967, 12 suggested that`blood gases should not lead paediatricians to pay attention to the hydrogen ion instead of the patient'. Acidosis, however, was noted in the past as a predictor of dehydration in cholera. 13 In this study, Wang et al. found that the acidosis was more profound than would be expected on the basis of stool losses of bicarbonate, and attributed this to lactic acidosis and renal failure. Narchi 10 found that reduced bicarbonate concentrations were more frequent with increasing degrees of dehydration; however, the magnitude of reduction was not signi¢cantly di¡erent with increasing severity of dehydration. Mackenzie et al., 1 showed a correlation between low pH and large base de¢cit, and degree of dehydration. Weizman et al. 14 showed that a high anion gap, in a subgroup of moderately to severely dehydrated infants, was associated with more prolonged diarrhoea, longer intravenous £uid therapy and longer hospital stay. This group also had reduced bicarbonate and increased lactate concentrations. Our study showed that blood pH values were not predictive for the degree of dehydration. On the other hand, bicarbonate concentration and base excess decreased with the increasing severity of dehydration and were signi¢cantly greater in moderate dehydration compared with mild and no dehydration. However, the sensitivity (71%) and speci¢city (74%) of both tests were rather poor. The fact that 35% of patients with no dehydration had abnormal values questions the validity of the clinical assessment.
Although not clinically dehydrated, most of the patients with no dehydration (86%) had an abnormal anion gap. In addition, a third of this group had a bicarbonate concentration 416 mmol/ L and a base excess 4710 mmol/ L. Increased anion gap in the setting of acute gastroenteritis re£ects increased unmeasured organic anions such as lactate. This ¢nding means that even without apparent clinical evidence of dehydration, there is an increase in organic anions. The clinical relevance of this ¢nding is unclear. The fact that most of this group had normal urea concentrations may suggest that anion gap, bicarbonate concentration and base excess are more sensitive to milder degrees of dehydration. On the other hand, 15% of the patients with moderate dehydration had bicarbonate concentrations 520 mmol/ L, a ¢nding previously reported by Weizman et al. 14 These ¢ndings question the validity of the dehydration score.
Time to correction of the blood gas abnormalities to normal was signi¢cantly longer in comparison with correction of urea concentrations. This gap may be explained by the fact that diarrhoea results in the loss of large quantities of bicarbonate and bicarbonate breakdown products by reaction with organic acids (such as lactic acid). 15 The kidney, as a compensatory mechanism, reabsorbs bicarbonate and manufactures new bicarbonate. 16 This mechanism may be a¡ected, however, if intravascular £uid depletion evolves because renal blood £ow is low. The limiting factor for renal elimination of acid in this context may be the reduced production of NH 3 , which is renal blood £ow-dependent. 17 Urea, on the other hand, is a¡ected by renal blood £ow in dehydration, making the correction faster.
Hospitalization time was shown to be dependent on clinical assessment only and was not related to laboratory parameters.
One of the weaknesses of the study was that no single observer determined the clinical degree of dehydration in all the subjects. Nevertheless, there was a correlation between the information in the patients' charts and the estimated degree of clinical dehydration. Gorelick et al. 5 studied the inter-observer clinical assessment of dehydration reliability and found it to be good-to-excellent for all but one of the ¢ndings studied (quality of respirations).
Another relative weakness of the study was the low number of severely dehydrated children; on the other hand, we included a signi¢cant group with no clinical dehydration as controls, a previously neglected comparison.
Conclusion
Our study con¢rms previous reports that there is a discrepancy between clinical assessment and laboratory parameters of dehydration in children. 7, 9 Urea concentration showed good speci¢city, and anion gap was the most sensitive laboratory parameter for assessment of dehydration, being abnormal in all degrees of dehydration. Our results question the validity of the AAP clinical assessment scale. We believe that further studies are needed to validate this scale and to further assess the impact of laboratory tests in the assessment of dehydration.
